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PARAMETERS OF A STIRFACB BKINO .TOBffimm ^^rp^T^ 



Beckgronaui of the ioTentfon 

The present invention lefcis to a method for facilitating siaxiiltaoeoas mi^hi»i,ng and 
measuring of parameters of a surface being suttleetBd to machining, and particularly a bore 
is a work piece subjected to a grinding opoation. 



In the process of machining bores or other sulfides of dafaent kinds in work pieces, it is 
evident for obtaining a good result that the bore shaD be measured for continuoas 
establishment of parameters such as bore diameter, taper and roundness. EarUer this has 
been effected, mainly with different types of gauges, wUch means that the measurement 
must be made between grinding operations, this will of eouise increase the total process 
15 time to an extent, whidi is unacceptable in mass-production. 

For improving the process and measuring bore diameter and taper it has been used 

measurement fmgOT, which enter in the bore whca the grinding whed is removed, tot 
even in this case the measurement is made between the grinding operations which means 
20 long grinding cycles. The measurement fingers are not usefbl for toundness measurement 
and their use means that die machine needs txtxa equipment, whidi is susc^ble to 
damage when the measurement fingers are moved to and from measuring position. 
Furthermore this known kind of measuring means have a low resolution. 

25 DE-Al-100 29 965 refers to a method and a device for exact, contact-fiee load 

measurement of a rotating spindle for the purpose of tool supwvision. The device 
incorporates at least one displacement sensor which measures position changes of the 
rotatable spindle in relation to the housing, caused by axial ferees, radial fbrces or torques 
acting on a tool supported by the spindle. The lesnWng measurement signal curve ft>r one 

30 revolution of the spindle without load applied to the tool, thus is zqnesentative for 

irregularities and out-off-roundness of the measured surfiue of ihe.rotating spindle, and it 
is stored in an evaluation unit* and Ais curve then is subttacted from the measurement 
signal curve for one revolution of the spindle with tool and spindle load in ordw to 
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^^b bm pc nsa fft for the part of the xneasorement signal curve caused by ircesularities and out- 
off-roundness of the spindle itseU; ibimby causing the evaluation unit of emitting an ou^t 
repzesentati ve only of spindle and too! load. By repeated tests and with aid of a rotational 
angle sensoit it then is possible to obtain from die evaluation unit a curve xqpiesenting the 
pure tool load widiout influence from spindle inegularities at out-off-roundness and 
without spindle load. 

Pktrpoae and most relevant featores ct the inveiitloii 

The purpose of the juesent invention is to propose a method making possib a 
simultaneous machining and measunment of parameters of a machined surface of a woik 
piece, such as bore diameter, taper and roundness of a bore during internal machining, such 
as grinding diereof« and this has bera obtained with a method as claimed in the 
acconqpanying claim 1. 

Brief description of the drawings 



Hereinaft» the invention will be ftirfter described with reference to a non-limiting 
embodimwic of a machine spindle shown in the accon^wnying drawings, which can be 
20 used for performing the method according to the present invention. 

Fig. I shows in a schomatic cross sectional side view a grinding spindle during 
simultaneous grinding and measuring in accordance with the present invMiion. 
Hg. 2 is a cross sectional end view along line A-A in Fig. 1. 
25 Fig. 3 is an end view of a retainer carrying a number of sensors incorporated in the device, 
and 

Fig. 4 is a section along line B-C in Hg. 3. 



Description of the preferred embodiment 

Fig. 1 shows sch^natically a machine spindle 1» which is rotatably driven by a drive 
means, such as an electrical motor 2, and rotatably suppbrted in a first bearing 3 and a 
second bearing 4. Bearings 3. 4 and motor 2 ate enclosed in a housing 5, through an 



07 'OKT ''02 13=52 ^ SKF PftTENTS DEP +46 31 *J373089 S.5 

^ n,i-..v r"^' ■ ^^3! SKF PftTENTS DEP 

Opening in which the machine spindle projects with afree end 6, to which is secured a tool 
7, in this case a grinding wheel, which in the case illustrated is in machining contact with a 
bore 8 in a annular work piece 9» which in turn is rotatably driven by a not shown driving 
motor via a not shown chucking atrangaoent There is an offset O between the rotational 
5 axis 10 for the work piece 9 and die rotational axis 11 for the spindle 1,6. The work piece 
can also be rotated according to die micrboentric principle. 

At a position adjacent the bearing 4 situated neatest to the tool 7, and within the housing 5, 
dierc Is provided a retainer 12 for at least one displacement sensor 13, which via a cable 14 
10 is coimected to a evaluation unit, intimated at 16. 

Fig. 2 shows in a section along line A^A the woik piece 9. with its bore 8, which in the 
drawing is shown wich exaggmted inegularides and out^ofT-roundness. As can be sera the 
surface of the tool or grinding wheel 7. is in macUning contact with die ixmsr surface of die 
15 bore 8 in the work piece 9, whereas the axes lOand 11 of wc»k piece and Cool are ol^et 
from each other. 

Jn Fig. 3 is shown a sdiematic end view of the tetainer 12 widi four sensors 13 arranged to 
detect displacement of the spindle in iadial directions, and also two sensors 1 5 arranged to 
20 detect displacraient of the spindle izi axial direction. Tixe number and typo of sensors is not 
critical but sensors of the same type are prefierably evenly spaced apart firom each odier. It 
is furthmnore preferred to couple all sensors differcaitially for conqiensating for 
temperature diffmnces, and drift and electrical and magnetic disturbances. 

25 The sensors should normally be of non-contacting type. 

All sensors 13, 15 axe cormected via the cable 14 to an evaluation unit 16. 

Hg. 4 shows in a cross sectioia along line B-C in Rg, 3 the positioning of the dififerent 
sensors for radial displacement measurement - sensors 13 * and for axial displacement - 
30 sensors 15 < in the retainer 12. 



The basic idea of die present invention is to establish in real time simultaneously with the 
machining operation, such parameters of die object, which is being subjected to a 
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ma^tnng qpebitioh^ as diamet^, roundness and taper, without the need of providing any 
measuring equipment neither at nor in the work piece, and this is obtained with the high 
resolution displacemon sensors 13, IS integrated in the spindle, whoreby the deflection of 
the shaft can be measured during the grinding operation. By establishing the transfer 
5 functions of deflection, position and angle from the grinding wheel contact relative the 
woric piece contact to the measured displacemmic signals it is possible to calculate the 
position and the deflection angle of the grinding wheel relative to the work piece. These 
transfer functions are dqmding on die bending of the shaft and quill and on the 
deformatioii of the bearing plus ddfomaticm in tiie machine, workhead^ spindle» slides, 

10 etcetera. The parameters in the transfinr functions can be calculated and/or calibrated for the 
systeoL The function is often pure Unear for the smidl deftnmations occurring at the end of 
the grinding cycle. The relation between measured displacement signals and grinding force 
can also be estimated by calculations andA^ testing , That information can be used for 
optimizing feeding speeds and to see how well thb wheel instantly is cutting. By plotting 

15 the tiue deflection and the woildiead spindle runout against the rotational angje of the work 
piece a diagram of the roundness of the bore cube produced in real tin^ Thewodcspeed 
can be measured either directly on the woikhead spindle e.g. by means of a tachomftter (not 
shown) or indixecdy by means of a frequency analysis of the sensor sigrials. The diameter 
of the bore is calculated from the tme deflection and the feeding position of the spindle. 

20 The taper is found from the deflection angle of the wheeL &y measuring in two directions 
the cutting forces in relaticm to feeding forces can be obtained. With high resolution 
sensors die end of air feeding can be detected. Here the displacement sensors can replace 
other systons such as acoustic sensor system. 

25 The method for establishing different parameters of a surface of the work piece 9 during 
machining of the surface using a niadiine with a spindle 1,6 supporting a tool 7, which 
spindle is supported m at least one bearing 4 In a housing S in a rotaiy manner, and wherein 
displacement sensor means 13| IS are aiianged in the housing, for measuring displacement 
to which the spindle is subjected ducing machining operation, is characterized in that two 

30 first work pieces 9 are machined with different back off times to oeate two sets of signals 
with different level at back off times, wherbby the sensor signals representing the 
deflection of the spindle are stored In an evaluaiioh unit 16, the two work pieces, thus 
machined are measured and the result of this measurements is loaded in the evaluation unit. 
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the stored s^flfior signab iqpresenti&g &e displaoem^t to which the spindle subject 
during the machining of die two wodc pieces are con^azed in the evaluation unit 16 with 
the result from the zheasurement of the same work pieces, and constants are calculated, 
which constants are transfer constants, representmg ttie Influence of the total deflecdon of 
5 the machine stiffness chain (60m machine obntactt ov^ spindle^ machine and wozk piece 
back to machine contact) on the sensor signais, wheteby displacement sensor signals 
obtained at machining of subsequent woxk pieces 9 are fed into the evaluation unit and 
thete are processed with die constants for giving a series of sensor signals representing die 
true total deflection of die loaded and running machine sdfibess chain, and subsequently 
10 using this true total d^ecdon signals for calculation of different panuneters of (be 
sut^equently machined work pieces. 

The true total deflection constants can also be calculated from one wodc piece where the 
machinin g has stopped early and da^ is still a large linroundness. The combination of the 
15 recorded signal f<v the last revolutions before back off plotted against rotational angle of 
ttie work piece and die measured work piece gives the transfer functions. 

Based on the true total deflection signals and the recorded feeding position it is possible to 
calculate from these two values the nmchined bore diameter, with the first machined work 
20 pieces as refoencc. 

By measuring or calculating die rotation angle of the work piece, it is possible to produce a 
real time diagram of the roundness of die w^ piece simultaneously subjected to 
machiningi by plottizlg the tme total deflection against the rotation angle of work piece. 

25 

Instead of measuring displacement on die grinding spindle die sensors can be applied to die 
workhead spindle or to reference surfaces of the work piece and he same parameters can be 
calculated. 

30 Itie rotational angle of the work piece 9 can be measured by xneans of a angular position 
detector, such as a tachometer on the workhead spindle or on die woric piece, or it can be 
calculated by signal processing for establishing the period in which die smsor signal 
repeats itsdf. 
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For bc^ts li^kc^ the lengtti of the boze and grinding wheel arc similar, the taper of the bote 
is calculated dixecdy from the transfer ftmction for the deflection angle and the sensor 
signal 

5 

By feeding the tool 7 axially and perfbrming Che measuiement for establishing bote 
diameter in two positions axially spaced i^>att from each other it is possible to determine 
tapn of the machined smftce, also for longer boies. 

10 The sensor retainer axe all endosed in the spindle housing S and in spite of the hard 

environment for Oie measuiement, tte sensors ate all protected by the houising and the seals 
thereof. 

By the described method it is possible to obtain hi teal time simultaneous with the 
15 machining operation dear illustrations (preferably in diagrmn form) of the instant 

parameters for the work piece^ and tfaeieforc it is possible to consider during the veiy 
macfainihg operation the tolerances and quality of the work piece thus machined. It is also 
possible to detect the cutting forces and ttiereupbn optimize the dressing intervals for a 
grinding wteel. 

20 

The invention is not limited to the embodiments illustrated and describedt but 
modifications and variants are possible within flie scope of the accompanying claims. 
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• • CLAIMS 

I - . ■-• ^ .* • 

1 . A method for establishing diffeieiit paraineti»s of a surface of a work piece (9) during 
machining of the surface using a machine wltH a splodle (1,6) supporting a topi (7), which 

5 spindle is si^poited in at least one bearing (4) in a housbg (5) in a rotary mannerp and 
wherein displacement sensor means (13, IS) are arranged, for measuring dispiacCTmit to 
which the tool spindle or the woxkhead spindle is subjected during machining operation* 
characterizedtherein, 

that two first work pieces (9) are machined with different bade off times to create two sets 
10 of signals with different level at back off times, whmby ^ sensor signals representing the 
deflections of the ^nndle axe stored in an evaluation unit (1^^^ 

the first two work pieces, thus machined are measured and the result of this measoremmts 
is loaded in the evaluation unit, 

the stored sensor signals representing the displacement to which the spindle was subjected 
IS during the machining of the first two work pieces are conqiared in the evaluation unit (16) 
with the resuU from die measurernent of the same woric pieces, and constants are 
calculated, which constant are transfer coxistants, riepresenting the influence of the total 
deflection of the machine jstififoess on the sensor signals, 
recording the difference in feeding positions between the two first work pieces, 
20 whmby displacement sensor signals obtained at machining of subsequent work pieces (9) 
are fed into die evaluation miit and there are processed with the constants for giving a 
series of sensor signals representing the true total deflection of the loaded and running 
machine stiffness chain, 

and subsequently using this true total deflection signals for calculation of different 
25 parameters of the subsequently machined work pieces. 

2. A method for establishing different parameters of a suifsce of a work piece (9) during 
machining of die surfiace using a machine with a spindle (1,6) supporting a tool (7), which 
spindle is supported in at least one bearing (4) in a housing (5) in a rotary manner, and 

30 wherein displacement sensor means (13. IS) are arranged in Che housing, for measuring 
displacement to which the cool spindle or the workhcad spindle is subjected dwing 
machining operation, 
characterized therein. 
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that a i9St woik jsitibei^) is inadiined and the madiining is stopped early when fbsm is still 
a large out«off roundness, 

stoieing in an evaluation unit (16) sensor signals representing the deflections of the spindlei 
obtained from the combination of tbt recorded signal for the last revolutions before back 
5 off plotted against &e rotational angle of the work piece and the measured work piece, the 
stored sensor signal rq>resenting the displacement to whidi the spindle was subjected 
doting the machining of the first work pieces is compared in the evaluation unit (16) with 
the result from the ineasuremrat of the same work pieces, and a constant is calculated, 
which constant axe a transfer constant, representing die infiumce of the total deflection of 
10 die machine stifhiess on the sensor signals, 

recording the feeding position for die first work piece, 

whereby displacement sensor signals obtained at nriachining of subsequent work pieces (9) 
are fed into the evaluation uzut and there ar6 processed with the constants for giving a 
series of sensor signals represoiting the true total deflecdon of the loaded and running 
IS machine stiffoess chain, 

and subsequratly using this true tMd deflection signals for calculation of different 
parameters of the subsequently machihed work pieces. 

3. A mefliod as clurhcd in claim i or 2« 
,20 characterized in, 

using the recorded feeding positions and calculating machixted bore diameter fiom these 
recorded feeding posidon and the tme total deflecdon sigiuds, widi the first machined 
work piece or work pieces as reference. 

25 4. A method as claimed in claim 3, 
; characterized in, 

measuring or calcoladng the rotadoh azi^e of the work piece, and 

producing a real time diagram of the roundness of the work piece simultaneously subjected 

to machirung, by plotting the tme total deflcdon agmnst the rotation angle of the work 

30 piece. 
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5. A xnethod as daizned,in claim 4, 
characterized in, 

measuring the lotational ang}c of woik piece (9) by means of a angular position detector, 
such as a tachometer. 

5 

6. A method as claimed in daim 4» 
characterized in, 

calculating die lotadonal angle of worUiead spindle (10) by signal piocessing for 
establishing the period in wfaidi die sensor signal repeats itself. 

10 

7. A method as claimed in anyone of the claims 3 to 6» 
characterized in, 

feeding the tool (7) axially and performing the measurement for establishing bore diameter 
in two positions axially spaced apart firom each otbdr for detennining taper of the machined 
15 surface. 

8. A method as claimed in anyone of the claims 3 to 6, and where a bore is of the same 
length as the grinding wheel 

characterized in, 
20 calculating the taper of tbt bore directly froin the transfer function for the deflection angle 
to the sensor signal. 
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ABSTRACT 

S The invention refers to a meibod for estd^lidiing different parameters of a surface of a 
work piece (9) during machinbg of the surbce using a machine ^th a spindle (1,6) 
supporting a tool (7)» which spindle is supported in at least one bearing (4) in a housing (5) 
in a rotary manner, and wherein displacement srasor means (13, IS) are arranged in the 
housing, for meiisnring displacement to which the spindle is subjected during machining 
10 operation, wherein 

two first work pieces (9) are machined with difiSmnt back off times to create two sets of 
signals with different level at back off times, whereby the sensor signals representing ihe 
deflections of the spindle are stored in an evaluation unit (16), 

the first two work pieces, thus machined sure measured and die result of this measurements 

IS is loaded in the evaluation unit, 

the stored sensor signals representing the displacement to which the spindle was subjected 
during the machining of the first two work pieces are compared in the evaluation unit (16) 
with die result from Ae zneasuremdat of the same work pieces, and constants are 
calculated, which ccmstant are transfer constants, representing thd influence of die total 

20 deflection of the machiiic stiffiicss on the sensor signals, 

whereby displacement sensor signals obtained at machining of subsequent work pieces (9) 
are fied into the evaluation unit and thes^ are processed with the constants for giving a 
series of sensor signals representing the tme btal deflection of the loaded and running 
machine stiffoess chain, 
. 2S and subsequendy using this true total defiecdon signals for calculation of diffoent 
parameters of the subsequently machined work pieces. 



(Hg.l) 



